INTRODUCTION
The requirement of primary energy sources is growing exponentially all over the world (Ghose 2002a) . The global primary energy requirement has grown from 6700 MtOE (Million tonne oil equivalent) to 10200 MtOE over the last 25 years. There has been a very high positive growth in consumption of all kinds of primary energy sources e.g. oil, natural gas, nuclear energy, hydro electricity and coal (Anon 1988) . Coal enjoys the main primary energy source status in Asia Pacific, which comprises the largest population, and an economy that outperforms rest of the world in growth (Ghose 2004) . The reserve-to-production (R/P) ratio in respect of major regions of the globe describes the life of different fossil fuels on earth on the basis of current level of production (Barney 1980 ). The fact remains that oil and gas have limited reserves to last 41 and 67 years respectively at current production level. In contrast, world has a coal reserve to last 190 years at the current production level. It follows that due to limited oil and gas resources, countries allover the world will have to depend on coal in foreseeable future for their primary energy requirement. Coal is widely available allover the world and is affordable. Its abundance, ease of storage and transportation and wide distribution over the globe determines a competitive international price. World has a proved reserve of 880 trillion tonne (Tt) of coal including anthracite and bituminous coal. A major part of this reserve (838 trillion tonne) is spreaded over three major regions viz. North America (254.4 Tt). Europe and Eurasia (287.1 Tt) and Asia Pacific (297 Tt) . The abundant reserves of coal spread almost allover the globe provides an energy security. Due to its low prices availability and transport ease, coal has become a popular choice as primary energy source in AsiaPacific region that account for highest coal production and consumption in world. However, direct use of coal leads to environmental pollution. Coal has always been treated as a not so clean fuel but it is still a major fuel of power generation in several countries of the world such as Poland (94.7%), S. Africa (92.2%), China (77.5%), Australia (76.9%), India (70%), Czech Rep. (61.8%), Greece (60.4%), Denmark (55.1%), Germany (52.2%), USA (52.2%), Indonesia (39.7%). The objective of this paper is to examine the promotion of clean coal technologies to meet the environmental challenges and the role of Mechanical Engineers for the promotion of CCT in fulfilling energy demand in a sustainable manner in the Indian context.
ECONOMIC DEVELOPMENT AND GREENHOUSE GAS EMISSIONS IN DEVELOPING COUNTRIES
The main environmental problems of developing countries stem from poverty and malnutrition. The solution to these problems is more development, not less. This principle was recognized in the Kyoto Protocol, which imposed binding requirements only on industrialized countries, not on developing ones. At the time this agreement was negotiated, many parties feared that emission-reduction requirements would hold back the economies of developing nations, leading to greater poverty and ultimately creating more serious environmental issues. By the time of COP 17, however, it had become clear that some large developing countries -especially China and India -were progressing rapidly on the path toward industrial development. In 1980, China and India accounted for only 7.6 percent of the world's primary energy consumption. By 2008, their combined share had grown to 21 percent (U.S. Energy Information Administration, 2011b). Despite the rapid growth of their energy sectors, per capita CO 2 emissions remain relatively low in these countries. In 2008, the annual per capita rate was 5.3 metric tons in China and 1.5 metric tons in India, substantially below the United States (17.9 metric tons) (World Bank, 2012a). Given these discrepancies, it is not surprising that developing countries have argued for "equitable emission" rights. These nations argue that they need to keep energy prices at a reasonable level in order to encourage rapid economic development. Thus, they cannot afford expensive measures aimed at controlling greenhouse gas emissions.
Moving toward sustainability
Although the arguments put forward by the developing countries have merit, there is a tendency to stretch the assertions too far. Developing countries' share of global CO 2 emissions is increasing rapidly. China is already the world's largest emitter of CO 2 , having surpassed even the United States. India is the third largest emitter, although it still emits only about 20 percent as much CO 2 as China (Harvey, 2011) . In both developed and developing countries, it will be crucial to achieve sustainability in both production and consumption of products and services. Conservation of energy and natural resources will become increasingly important. The goal is to optimize the quality of life and meet the needs of the current population without compromising the capacity of future generations to meet their own needs. As economies grow, demand for the earth's natural resources is accelerating, leading to more rapid depletion. Water stress and the impacts of climate change already are having a direct impact on business operations in many parts of the world. Issues involving energy security and access to raw materials are affecting business competitiveness, as are the rising cost of waste disposal and pollution abatement. A paradigm shift is essential if we are to deliver new products and services with lower environmental impacts across their life cycle. India is now overtaking Japan as the world's third largest economy (based on purchasing power parity), moving up behind second-place China (Shah, 2011) . The question is, what sort of development will the country experience in years to come? The challenge lies in achieving economic growth without serious environmental degradation.
COAL AS THE PRIME ENERGY SOURCE FOR INDIA
India ranks sixth in the world in terms of energy demand accounting for 3.5 per cent of world commercial energy demand (Ghose 2003a) . With a gross domestic product (GDP) growth of 8 percent set for the tenth five-year plan (2002-07), the energy demand has grown at 5.2 percent. Although, this commercial energy consumption has grown rapidly over the last two decades, a large part of India's population does not have access to it (Ghose 2002b) . . At 479 kg of oil equivalent (kgOE), the per capita energy consumption is also low when compared to some of the other developing countries, like Thailand (1,319 kgOE), Brazil (1,051 kgOE) and China (907 kgOE). Primary commercial energy demand grew almost three-fold at an annual rate of 6 per cent between 1981 and 2001, to reach 314.7 million tones of oil equivalent (MtOE). India's incremental energy demand for the next decade is projected to be among the highest in the world, spurred by sustained economic growth, rise in income levels and increased availability of goods and services. India's commercial energy demand is expected to grow even more rapidly than in the past as it goes down the reform path in order to raise standards of living. The all-India installed capacity of electric power generation under utilities was as on 31 st In India, an area of about 22400 square km is estimated to cover coal deposits below the earth's surface out of which 11000 square km has been regionally explored so far for mining. Out of this, an area of 5500 square km has been explored in detail for actual mining operations. The geological coal reserves of the country are estimated at 245.7 billion tonnes (Bt) as on January 2004. Out of this, proven reserves are 91.631 Bt while 116.174 Bt are indicated reserves and 37.9 Bt are inferred reserves (Anon 2003 (Anon -2004 ).
Globally, the coal accounts for 26% of the primary energy consumption, whereas in India, it has a share of 46%. In respect of generation of power, the share of coal on global basis is 36% and in Indian context it is 65% (Anon 2003 (Anon -2004 . Growth of Indian economy would lead automatically to growth in energy consumption. The dominant position of coal in energy consumption and electricity generation in Indian context is, thus, likely to continue for decades together because of a very comfortable proven reserves position of coal vis-a-vis the increasingly depleting reserves of oil and natural gas. The World Energy Outlook forecasts that India would face high demand of energy in future and coal alone can meet its needs.
Coal demand and supp1y in India
The demand for terminal year of the year (2006-07) was at 460.50 Mt. This means a growth of about 109 Mt during the plan period as against around 60 Mt achieved during the previous two plan periods. The estimated capacity addition of coal based power generation during the plan period was 18300 MW as against actual capacity addition of about 7000 MW during the plan. The coal demands for the terminal years of eleventh plan (2011-12) and twelfth plan (2016-17) are 668 Mt and 816 Mt respectively. The projected gap between demand and foreseeable domestic production capacities is on a rise (Table 1) . It is an irony that in-spite of having a plentiful reserve, India is not able to jack up coal production to meet its current and future demand. Since coal contains mineral matter (ash) and other impurities, the atomic H/C ratio of coal is not high; its calorific value is lower than that of oil and natural gas. Therefore, concerns about the pollution caused by the use of coal fuels is increasing. This includes global warming, land degradation due to mining and fly ash disposal, water pollution due to coal washing (Giri and Sharma 2004) . There is also a need to add value to coal and thus there is a need to develop clean coal technologies further. Physical coal beneficiation techniques using oil agglomeration, froth flotation, oleo flotation have to be integrated with chemical cleaning of coals (Sharma and Singh1995). Chemical cleaning of coal using alkaliacid leaching under milder conditions may produce cleaner coal. Some research in this direction has been reported, where coal may be cleaned by using HF-HNO 3 cleaning (Steel and Partic 2003) and by using alkali-acid leaching (Sharma 2005 ). The thrust is for producing ultra clean coal, a nearly zero ash coal, which may be used for the Integrated Gasification Combined Cycle and for PFBC power generation without any problems of resorting to hot gas clean up. IGCC power generation through hydrogen generation for zero emission has been reported (Zocket al.2003). Co-combustion of coal with plastics, biomass, oil, water, biogas, organic wastes, natural gas, etc. can be practiced for efficient power generation and for adding value to coal.
CLEAN COAL TECHNOLOGIES

Coal refineries
Since oil is refined to obtain different grades of fuels for use differently and efficiently in petroleum refineries, the coal can also be refined in coal refineries to obtain different quality -grade -class (QGC) of fuels. There is a need to develop further clean coal technologies for the stepwise refining of coal to obtain different QGC products as is practiced for crude oil in petroleum refineries. Organo-refining of coal i.e. stepwise solvent extraction of coal using different solvents such as N-methyl -2-pyrrolidone (NMP), anthracene oil (AO), morpholine (MO), ethylenediamine (EDA), quinoline (QN), liquid paraffin (LP), alkenes, phenols, dimethyl formamide (DMF), phenanthrene, carbazole, etc. can produce different QGC products from coal (Pandey and Sharma 2002). Several combinations of solvents can be used for the stepwise refining of coal and the process has been termed as Organo-refining of coals. This may lead to the production of two or three different QGC products from coal. Some of the premium QGC products such as super clean coal having ultra low ash, can be used for the production of graphite, carbon-nanotubes, composites from coal . In fact, super clean coal or ultra clean coal can be used for more than 30 different uses including coking coal blends, carbon electrodes, reduction, nanocomposites, value added chemicals, specialty chemicals conducting polymers, engineering plastics, etc. The residual coal obtained after the stepwise organo-refining of coal may be used for power generation. This coal (RC) may be beneficiated or chemically cleaned to obtain cleaner coal. The washability characteristics of the RC can also improve after the removal of some of the organic matter from the coal by solvent extraction (organorefining).Liquefaction, gasification and carbonization of Residual Coal may also produce different QGC products for use differently and may be even efficiently.
Modification of coal for added value
In fact, depolymerisation of coal through phenolation may enhance the yield of super clean coal (having ultra low ash) through organo-refining of coal. The uses of coal derived from industrial solvents were made for these studies. In fact, coal can be chemically modified under ambient pressure and convenient conditions by reactions such as depolymerisation by phenolation, co-polymerization, alkylation, reductive alkylation, reduction, alkaline degradation, reductive depolymerisation, etc. Most of these processes involve atmospheric pressure operations, at low temperature as brute force high pressure coal conversion processes have to be replaced by the convenient and cost effective low to ambient pressure processes. Liquefaction of coal under mild atmospheric pressure conditions including solvent refined coal processes also affords different QGC products. The unit processes employed in oil refineries may include besides organo-refining, the processes such as carbonization, hydro carbonization, gasification, liquefaction (hydrogenation), cracking, co-cracking, chemical leaching, bio-refining, etc. The RC can also be utilized through co-combustion with plastics, biomass, vacuum residue, organic wastes, biogas, etc. to generate power by using efficient ultra super critical boilers. Co-processing of RC or original (untreated) coal with waste plastics, biomass, petroleum coke, vacuum residue, etc. may also lead to cleaner and efficient utilization of coal ( 
